Assessment of raw luffa as a natural hollow oleophilic fibrous sorbent for oil spill cleanup  by Abdelwahab, Ola
Alexandria Engineering Journal (2014) 53, 213–218Alexandria University
Alexandria Engineering Journal
www.elsevier.com/locate/aej
www.sciencedirect.comORIGINAL ARTICLEAssessment of raw luﬀa as a natural hollow
oleophilic ﬁbrous sorbent for oil spill cleanupOla Abdelwahab *Environmental Division, National Institute of Oceanography and Fisheries, Alexandria, EgyptReceived 8 October 2013; revised 5 November 2013; accepted 9 November 2013
Available online 5 December 2013*
E-
Pe
U
11
htKEYWORDS
Oil spill;
Luffa;
Adsorption;
OleophlicityTel.: +20 121093161; fax: +
mail address: olaabdelwahab
er review under responsibility
niversity.
Production an
10-0168 ª 2013 Production
tp://dx.doi.org/10.1016/j.aej.220 33877
53@hotm
of Facu
d hostin
and hosti
013.11.0Abstract Oil spills have a global concern due to its environmental and economical impact. Various
commercial systems have been developed to control these spills, including the use of ﬁbers as sor-
bents. However, plant biomass is renewable resource that can be converted into useful materials and
energy. Luffa, an agricultural waste, was used as a sorbent material. The present study examines the
adsorption capacity of raw luffa ﬁbers for different types of oil and water pickup. The investigation
revealed that the efﬁciency of ﬁbers to remove crude oil from sea water was related to the surface
properties of the ﬁbers, concentration of the oil, amount of the ﬁbers, as well as the temperature of
the crude oil. The results show high sorption efﬁciency of luffa ﬁbers for different kinds of oil. This
sorbent also exhibited a good reusability since the decrease in sorption efﬁciency did not exceed
50% of the initial value after three sorption cycles.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Faculty of Engineering, Alexandria
University.1. Introduction
Increasing volumes of crude oil production, transportation
and storage have increased risks of spill to marine and fresh-
water environments. High-proﬁle spills in recent decades are
numerous, causing not only loss of the energy resource but
also signiﬁcant injuries to the environment and ecosystems470.
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01[1–6]. Monthly, thousands of oil spills in smaller scales
occurred on land freshwater systems throughout the world
from production activities and transports by pipelines, rail
and trucks [7]. Oil spills release hazardous chemicals such as
polycyclic aromatic hydrocarbons that are toxic to both aqua-
tic life and human which may require decades to remove [5,8].
Oils that are found in contaminated waters can be fats,
lubricants, cutting liquids, heavy hydrocarbons such as tars,
grease, crude oils, diesel oil and light hydrocarbons such as
kerosene, jet fuel and gasoline. Major industrial sources of oily
waste include petroleum reﬁneries, metal manufacturing and
machining and food processors. Sources of oil in municipal
wastewater are kitchen and human wastes [9].
Major oil spill response methods include skimming, con-
trolled burning, bioremediation, and uses of sorbents and dis-
persants. Each method has its own exploitation requirements,aculty of Engineering, Alexandria University.
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ing and dispersion create concerns for air, water, and ecosys-
tems; skimming collects a large amount of oil-contaminated
water that must be transported from sites [7,10,11,14]. Biore-
mediation requires an extended period subject to the location
[12,13].
The use of natural sorbents to clean up oil spill in an eco-
friendly and cost effective way is promising and more attention
should be paid to this prospect. The Literature shows that nat-
ural sorbents are very effective and apparently are, the most
eco-friendly sorbents for oil spill cleanup [15,16]. Among the
natural sorbents, straws and cotton proved to be the best nat-
ural sorbent materials known and tested with respect to certain
criteria, which include sorption capacity and availability.
However, other natural products which may be equally efﬁ-
cient or even more are given less attention. It is imperative,
then, to study the applicability of other available natural prod-
ucts abundant in the region, particularly waste products such
as coconut shells, corn cobs, banana pith, and sugarcane ba-
gasse. Instead of treating them as waste, they can be collected
and processed to complement other methods of clean up oil
spills from small and large water bodies, depending on the level
of their abundance.
Luffa is a sub-tropical plant, which requires warm summer
temperatures and long frost-free growing season when grown
in temperate regions. It is an annual climbing plant which pro-
duces fruit containing ﬁbrous vascular system. They have a
long history of cultivation in the tropical countries of Asia
and Africa.
Few work has been conducted so far on the removal of oil
from water by natural adsorbents. Previous work [17,18], indi-
cated that untreated sorbents were sufﬁciently efﬁcient for the
removal of oil from water and oil without water. Therefore,
the aim of this study was to examine the efﬁciency of luffa ﬁ-
bers for the removal of various oils from water. The oil types
investigated were diesel oil (DO) and heavy crude oil (HCO).
To evaluate the potential use of luffa, effect of oil concentra-
tion, amount of the luffa, as well as the temperature of the
crude oil were examined. Possible reusability and oleophilic–
hydrophobic characteristics of luffa ﬁbers were also deter-
mined. To assess a possible mechanism of oil sorption on luffa
ﬁbers, scanning electron microscopy (SEM) analysis and FT-
IR analysis were carried out to raw luffa ﬁbers.
2. Materials and methods
2.1. Preparation of adsorbent material
Luffa ﬁbers were collected from local market, Alexandria,
Egypt. They were identiﬁed at the Department of Plant Sci-
ence, University of Alexandria. Physico-chemical characteris-
tics of luffa ﬁbers are presented in Table 1. The seeds wereTable 1 Physico-chemical characteristics of Luffa ﬁbers.
Property Content (wt%)
Bulk density (g/mL) 1.2
Porosity 38
Moisture content 9
Cellulose 63
Hemicellulose 15removed from the ﬁbrous interior. The ﬁbers were cut, sieved,
then washed with distilled water and oven-dried at 105 C.
Scanning electronic microscope model (SEM JEOL JSM
6360 LA made by JEOL, Japan) was used to study the surface
morphology of ﬁbers before examination. Infrared spectra
were recorded on a FTIR spectrometer (JASCO FTIR-420).
2.2. Preparation of test oils
Two types of oils, namely diesel oil (DO) and heavy crude oil
(HCO) were employed to investigate the oil sorption character-
istics of luffa. These oils were investigated in favor of the study
because of the minimized transient change in their chemical
and physical characteristics during experiments. Densities of
the oils were measured using a gravimetric method. Their vis-
cosities were measured using a Viscolab Viscometer (VL-4100).
Table 2 shows physical properties of these oils. The diesel oil
(DO) and heavy crude oil (HCO) were used without
modiﬁcation.
2.3. Oil sorption experiments
For the evaluation of the oil sorption behavior for the sorbent
materials, oil spill has been simulated in a 250 mL beaker glass
by adding 10 mL (previously weighed) of oil to 100 mL of arti-
ﬁcial sea-water. Synthetic seawater was prepared by dissolving
35 g of NaCl in 1000 mL distilled water. Two different types of
oil, diesel oil (DO) and heavy crude oil (HCO) have been used,
in order to simulate different cases of transports. For the sorp-
tion of the oil spill, known weight of sorbent material was
placed into the test cell using a mesh basket with 1 mm open-
ings. The test cell was covered, and the mixture was shacked at
105 cycles per minute. The experiments were performed at dif-
ferent time intervals from 1 to 90 min. The adsorbent was then
removed from the oil and water mixture surface and the wetted
adsorbent material was weighted after being drained for 1 min
in a sustainer, in order to separate entrained liquids. The
weight of oil and water to be sorbed onto the adsorbent was
measured [19]. Also, the absorbed water in each sample was
measured using the Karl Fischer technique as well described
in ASTM D1533 [20]. The oil sorption capacity was calculated
using the following equation
Oil retention capacity ¼ ½ST  SW  SA
SA
ð1Þ
where SA is the dry weight of the sorbent (g); ST is the total
weight (g) of the oil, water and dry sorbent and SW is the
weight of water (g).
Reusability of material was examined by the above-ex-
plained procedure. Three cycles of sorption process were per-
formed for each sample. Between each cycle, material was
squeezed between rollers and weighed again.
For desorption models, pore diffusion and the ﬁrst order
kinetic models as shown below were employed,
mt
me
¼ 6
ﬃﬃﬃﬃﬃﬃﬃ
D t
r2p
r
ð2Þ
where D is the diffusivity of sorbate within the sorbent-pores
(m2/s), r the radius of adsorbent particle (m), mt the amount
of sorbate desorbed from the sorbent surface at time t (g).
me is the total amount of sorbate adsorbed on the sorbent (g),
Table 2 Physical properties of used oils.
Property Type of oil
Diesel oil (DO) Heavy crude oil (HCO)
Speciﬁc gravity at (60/60) 0.82 0.892
Kinematic viscosity, cSt 11.2 19.6
Flash point (C) 45 55
Figure 1 SEM image of a typical structure of raw luffa ﬁbers.
Figure 2 FT-IR spectra of luffa ﬁbers.
Figure 3 Effect of sorption time on efﬁciency of oil removal [oil:
water 1/10, Temp. 25 C, Dose of adsorbent 0.5 gram of luffa].
Figure 4 Effect of sorbent dose on oil retention capacity [oil:
water 1/10, shaking 15 min, Temperature 25 C].
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C
C0
 
¼ kDt ð3Þ
where C is the concentration of oil on the luffa ﬁbers at time t
(mg/L), C0 the initial concentration of oil (mg/L) and kD is the
desorption rate constant (s1).
3. Results and discussion
3.1. Characterization of adsorbent
Scanning electron microscope photograph of luffa ﬁbers re-
vealed surface texture and porosity. SEM of the luffa sorbent
was taken in order to verify the presence of macropores in the
structure of the ﬁber. In the micrograph presented (Fig. 1) the
ﬁbrous structure of luffa is observed, with some ﬁssures and
holes, which indicated the presence of the macroporousstructure. The small number of macroporous structure is con-
ﬁrmed by the low bulk density of the adsorbent (Table 1).
Fig. 2, shows infra red spectra of untreated luffa ﬁbers. The
band in the spectrum at 1737 cm1 is assigned mainly to C‚O
stretching vibration of the carbonyl and acetyl groups in the
xylan component of hemicelluloses. The band near 1257 cm
1 corresponds to axial asymmetric strain of ‚CAOAC. the
other bands are well known and speciﬁc to cellulose. As an
example the large band at 3438 cm1 related to AOAH groups
and the CAH band at 2925 cm1. Bands between 800 cm1
and 1500 cm1 are also speciﬁc to cellulose.
3.2. Sorption of oil in batch tank
3.2.1. Effect of contact time
Fig. 3 shows the effect of sorption times (1–90 min) on oil re-
moval efﬁciency. The results show that the efﬁciency behavior
Figure 5 Effect of oil temperature on its retention capacity.
Figure 6 Comparative reusability of raw luffa ﬁbers after DO
and HCO sorption.
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there are at least three distinct zones in each curve. The ﬁrst
zone is the initial stage of sorption, which occurs over the ﬁrst
minute. The rate of sorption is very high during this period.
The second, or transition zone, occurs from 15 and 30 min
for HCO and DO respectively. Over this period, the rate of
sorption is substantially reduced. The third zone represents
the steady-state period. During this period, the sorbent tends
to begin a descent toward a steady state. In this zone, addi-
tional time will not release any signiﬁcant amount of oil. How-
ever, although the sorption efﬁciency curves for both oils show
similar trends, DO exhibits higher efﬁciency of removal by luf-
fa in comparison with HCO.
3.2.2. Effect of sorbent dosage
For determination of oil retention capacity, the amount of oil
retained in the luffa assemblies after 1-min dripping time was
used as the basis for calculating oil sorption capacity. The 1-
min dripping time has been adopted by previous researchers
[18,21–23]. The interaction between the oil and the sorbent
could be affected by the sorbent dosage. The results shown
in Fig. 4 reveal the effect of sorbent dosage varied from 0.1
to 0.5 g of sorbent. The ﬁgure shows the inﬂuence of sorbent
dosage on oil retention capacity, to ﬁnd the minimum dosageTable 3 Desorption rate constants for different types of oil.
Oil type First order-model desorption rate, kD
Diesel oil (DO) 1.63
Heavy crude oil (HCO) 0.98for the maximum oil removal. Increasing sorbent dose de-
creases the sorption capacity.
3.2.3. Effect of temperature
Fig. 5 shows the effect of temperature on oil removal. It can be
seen that the oil retention capacity increases with increasing
temperature. This increase may be due to the decrease in the
oil viscosity at higher temperatures to be suitable to penetrate
pores and be captured between surface roughness until reach-
ing maximum value of oil sorption at 40 C. Meanwhile, at
lower temperatures, the high oil viscosity may plug pores
and obstacle oil to penetrate. Increasing temperature than
45 C leads to decrease oil retention capacity since oil starts
to be very light which leads to release oil from ﬁbers again.
Similar results were reported by many authors [24,25].
3.3. Reusability of luffa
The main criterion which can be used for judging reusability of
the luffa is the number of cycles it can tolerate without becom-
ing unusable due to tearing, crushing, or other general deteri-
oration. Other factors are the rate of decrease in its oil sorption
capacity and the percentage of oils that can be removed with
reasonable effort and equipment [17]. Fig. 6 shows the efﬁ-
ciency of DO and HCO sorpted by the same amount of luffa
assemblies for three cycles of sorption/desorption, beyond
which the sorption capacity appeared to become constant. It
is worth noted that DO and HCO adsorbed could be easily
recovered by a simple squeezing operation, which could re-
move oil from the loosely packed luffa assemblies. However,
to make the recovery operation more consistent throughout,
oil absorbed was recovered through centrifugation. Fig. 6
shows that luffa can be reused through several cycles. How-
ever, value of removal efﬁciency decreases regularly and
reaches a level around 43% for DO and 24% for HCO. Con-
sequently, decrease in sorption efﬁciency did not exceed 50%
of the initial value after three sorption cycles in oil without
water.
Table 3 shows the rate constants calculated using Eqs. (2)
and (3) for diesel (DO) and Heavy crude (HCO) oil desorption,
respectively. The desorption rate constant for both oils, kD,
calculated from the ﬁrst order reaction model appeared higher
than the diffusivity rate constant, (D/r2), calculated from pore
diffusion model, indicating that the main mechanism involved
in the desorption process was the ﬁrst kinetic reaction followed
by pore diffusion. The values of kD and (D/r
2) for diesel oil
(DO) appeared higher than that for heavy crude oil (HCO),
indicating that desorption was much easier to attain for diesel
oil than heavy crude oil.
3.4. Hydrophobicity–oleophilicity of luffa
The oil sorption characteristics of luffa in the oil-over-water
baths containing different amounts of oils are illustrated in
Fig. 7(a and b) respectively. The amounts of water pickup(s1) ·102 Pore diﬀusion model diﬀusivity,
ﬃﬃﬃﬃﬃﬃﬃ
ðD
r2
Þ
q
(s1) ·103
2.51
1.13
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Figure 7 Liquid sorption from oil-over-water by luffa as a
function of oil volume for (a) diesel oil, (b) heavy crude oil.
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between oils and water. This quantiﬁcation has been available
in the published literature for few of the oil sorbents investi-
gated [17]. Oil sorption increased with amounts of oils added
into the water bath, until saturation of the sorbents with the
oils almost achieved. The luffa also exhibited little water pick-
up, showing its excellent hydrophobicity–oleophilicity. This
high selectivity for oils over water makes it an attractive sor-
bent in oil spill cleanup, as it will reduce the volume of liquid
pickup from the spilled site which has to be handled on board
or on shore.
4. Conclusions
The investigated luffa ﬁbers exhibited high selectivity for var-
ious oils and excellent repellency for water in its native form.
The batch study revealed that the adsorption was a function
of shaking time and dose of adsorbent. The adsorption capac-
ity was reduced when the dose of adsorbent increased while it
was increased with temperature and reached its maximum at
40 C after which it decreased again. It was also observed that
when DO used, the sorption capacity was enhanced. The ﬁrst
order reaction and pore diffusion model were applied to de-
scribe desorption intensity. First order reaction was found to
be the dominant mechanism over pore diffusion. The large
capillaries in ﬁbers contributed to excellent oil absorbency
and retention capacity. The mechanism of oil sorption by its
hollow ﬁber could be controlled by sorption on the ﬁber sur-
face and capillary action through its cavities. The luffa might
lose 50% of its oil sorption capacity when reused. For the
above mentioned, luffa can be considered as a better alterna-
tive to the widely used synthetic sorbent materials. Economi-
cally, luffa is relatively cheap compared to synthetic ﬁbersand cotton. Environmentally, it can be recovered from dis-
carded bedding, upholstery, and life preservers for reuse as
oil sorbent. It can be ultimately disposed of for biomass energy
recovery due to its biodegradability. Thus its use leaves no sec-
ondary waste to the environment.
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